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The combination of a C02 gas exchange chamber with a 
potometric measuring arrangement made concomitant 
investigations into C02 gas exchange, transpiration and water 
uptake by the roots of whole plants of the CAM exhibiting 
Senecio medley-woodii feasible. The accumulation of organic 
acids resulting from nocturnal C02 fixation enhances the 
water uptake rate from dusk to dawn. During the day the 
water uptake rates decrease with decreasing organic acid 
concentration. This water uptake pattern shows that CAM is 
not only a water saving adaptation but also enhances water 
absorption. 
Deur 'n C02 gaswisselinghouer met 'n opstelling te kombineer 
waarmee potometriese bepalings gedoen kan word, is die 
C02 gaswisseling, transpirasie asook die wateropname deur 
die wortels van die CSM plantsoort, Senecio med/ey-woodii, 
gelyktydig vir 'n ongeskonde plant bepaal. Die tempo van 
wateropname is vanaf sononder tot sonop deur die 
akkumulering van organiese sure as gevolg van die nagtelike 
binding van C02 bevorder. Gedurende die dag het die tempo 
van wateropname gedaal namate die konsentrasie van die 
organiese sure in die plant afgeneem het. Hierdie patroon van 
wateropname dui daarop dat CSM nie slegs 'n 
waterbesparingsaanpassing is nie, maar dat dit ook 
wateropname bevorder. 
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It is generally accepted that the Crassulacean acid metabolism 
(CAM) is a physiological adaptation of plants to arid or 
otherwise dry environments. Low transpiration related to a 
suppression of stomatal opening during daytime enables 
CAM plants to maintain a high water potential during times 
of water stress (Kluge & Ting 1978; Osmond 1978; Ting & 
Rayder 1982; Von Willert et at. 1983). This high water 
potential and the feature of C02 dark fixation allow CAM 
plants to extend their period of daily net carbon gain into the 
dry season whereas other plants are forced to reduce their 
physiological activities drastically to minimize water loss. 
However the C02 fixation capacity of CAM plants is 
generally considerably lower than those of c3 or c4 plants 
(Kluge & Ting 1978; Osmond 1978). 
Nearly all known CAM plants are succulents and an 
efficient water harvesting mechanism must be considered 
essential to refill their water storage tissues after short or 
long term drought . Fast root growth after rainfall (Kausch 
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1965) is one prerequisite, but to lower cell water potential to 
a level that maximizes water uptake rates as long as soil 
water is still available, is another. Cell water potential can be 
lowered by decreasing the osmotic potential. The accumu-
lation of organic acids, mainly malate, as the products of 
C02 dark fixation lowers the osmotic potential of the cells 
(Luttge & Ball1977; Luttge et at. 1982). Thus acidification 
could increase water uptake if water is still available in the 
soil at a reasonable water potential. Since the large cells of 
the water storage tissue of succulents have a high water 
storage capacity (water that can be taken up per unit change 
in water potential) a small decrease in osmotic potential 
should result in a high water gain (Luttge & Ball 1977; 
Liittge et at. 1982). To ascertain to what extent organic acid 
accumulation due to C02 dark fixation could cause changes 
in water uptake, investigations into C02 gas exchange, 
transpiration and water uptake by the whole plant were 
made with the South African succulent Senecio medtey-
woodii Hutchins. 
C02 gas exchange was measured with the aid of a climatized 
cuvette (H. Walz, Effeltrich, FRG) and an infrared gas 
analyser (UNOR4, Maihak, Hamburg, FRG). Transpiration 
was calculated from air flow rate measured with a mass flow 
meter and air humidity measured with dew point mirrors. 
The water uptake was estimated by a potometric method; 
the roots of an intact plant fixed into the cuvette bathed in a 
cooled water container on an electronic balance. Care was 
taken to avoid errors arising from uncontrolled water loss 
and incorrect 0 2 partial pressure in the water. Full details of 
the experimental arrangement are published elsewhere 
(Ruess 1983). All measurements were performed in a plant 
growth chamber. The plants were grown in a quartz sand 
substrate at a 12/12 h day/ night period and were transferred 
to hydroculture about 14 days before the potometric 
measurements were made. Prior to the measurements an 
adaptation to the environmental parameters of the ex-
periment was made in a second plant growth chamber. 
Figure 1a shows the daily course of the transpiration, 
water uptake and C02 gas exchange rates of S. medtey-
woodii on the third day of a water stress experiment. After 
one day of acclimatization in the potometric measuring 
arrangement, water stress was applied to the plant by 
lowering 0 2 partial pressure in the water container of the 
potometer to a value of 1 mg 0 2 / dm3 . The low 0 2 partial 
pressure was maintained during the experiment. 
It is known for numerous plants that low 0 2 partial pressure 
reduces not only root growth but also water uptake rates and 
leads eventually to wilting (Kramer 1949; Slatyer 1967). 
Water stress applied by lowering 0 2 partial pressure in the 
rooting area may shift metabolism from C3 to CAM as has 
been demonstrated with Mesembryanthemum cristallinum 
L. (Wi,pter 1974). We gave preference to this method since 
osmotically active substances (e.g. mannite or polyethylene 
glycols) added to the solution are absorbed by the roots to 
some extent (Slatyer 1961; Lagerwerff et at. 1961; Lawlor 
1970). 
The diurnal pattern of C02 fixation (Figure 1a) was that of 
a typical CAM plant (Kluge & Ting 1978) with high C02 
uptake values during the light and the dark period of 0,078 
and 0,117 mol m- 2 respectively. The water uptake rate was 
also high during both day and night and resulted in a water 
gain over a 24-h period despite considerable transpirational 
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water loss during the day. After 10 days with lowered 0 2 
partial pressure in the rooting area, daytime C02 uptake 
and transpiration were attenuated, (Figure 1b) as can be 
expected from a CAM plant subject to moderate water 
stress (Kluge & Fischer 1967; Bartholomew 1973). Water 
uptake rates decreased in the afternoon whereas transpiration 
increased during the same period. During the night a steady 
increase of the water uptake was observed, while transpiration 
was almost nil. Evidently transpiration was not the driving 
force which enhances water uptake in c3 and c4 plants. 
C02 dark fixation (0,148 mol m-2 ) was increased by 41% 
compared with the value (0,105 mol m-2 ) obtained on the 
first day of the experiment. Malate concentration increased 
from dusk to dawn by 114 .ueq (g - l fresh weight). During the 
same time an increase of the osmolarity of the cell sap by 95 
mosmol was measured, which is equal to a decrease of the 
osmotic potential of 228 kPa. The increase of water uptake 
rate concomitant with the accumulation of the dark fixation 
products indicated that a steady lowering of the cell water 
potential must have been responsible for the increase in 
water uptake. During the day, with decreasing acid con-
centration, the water uptake was also attenuated (Figure 1b) 
which is further evidence that the organic acids act as a 
driving force for water uptake. 
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Figure 1 Transpiration, water uptake by the roots (related to trans-
piring surface) and C02 gas exchange (net uptake or loss) of a whole 
plant of Senecio medley-woodii after 3 days (a) and 10 days (b) of 
moderate water stress. Air temperature l7°C, relative air humidity 
80%, photon irradiance 480 ,umol m- 2 s- 1. 
In a further experiment a short term drought (20 days 
without irrigation) was applied to S. medley-woodii prior to 
the measurements. Only a very low (14 mmol m- 2 ) C02 
uptake during the 12-h night could be observed, but after the 
transfer to the potometer with optimal water supply to the 
roots the dark fixation value increased to 53 mmol m - 2 on 
the second day, followed by a further increase to 116 mmol 
m- 2 by the sixth day (Figure 2). Since the plant was water-
stressed prior to its transfer to the potometer a very high 
water uptake during the first day (57 mol m - 2 ) was observed. 
From the second to the sixth day the water uptake values for 
the day and also during the night decreased as a consequence 
of further improved plant -water status (Figure 2, solid line) . 
However, despite this steady decline of the total nocturnal 
water gain, an increase of the uptake rates between the 
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Figure 2 Correlation between C02 dark fixation (from dusk to dawn), 
total nocturnal water uptake and increase of the water uptake rate 
during the night ( ~ water uptake). Preceding the experiment the plant 
was subjected to 20 days of water stress. Numbers give the day of the 
experiment. Air temperature l7°C, relative air humidity 80% , 12/12 h 
day/night period, photon irradiance 480 ,umol m- 2 s- 1 
beginning and the end of the dark period (~water uptake = 
uptake rate at the end - uptake rate at the beginning) could 
be observed (Figure 2, dashed line). The very pronounced 
increase of the ~ water uptake values concomitant with the 
increase of the nocturnal C02 fixation from the second to 
the sixth day of the experiment yields evidence of a close 
correlation between the CAM feature, nocturnal C02 
uptake, and water harvesting. Additional experiments also 
included well watered plants. The results (Figure 3) support 
the existence of a correlation between nocturnal C02 uptake 
and the enhancement of the water uptake rate during the 
night. 
Our research on water uptake by the roots of a CAM 
plant implies that not only is the transpiration pattern a 
consequence of CAM but also the water uptake. The whole 
water economy of the plant depends directly on the degree 
of dark fixation and the subsequent acid accumulation. 
CAM is a water saving mechanism but is also very efficient 
for water collecting. 
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Figure 3 Correlation of C02 dark fixation and the enhancement of 
water uptake rates from dusk to dawn ( ~ water uptake). Compilation 
of results from 7 experiments with well watered and water-stressed 
plants of Senecio medley-woodii. Air temperature l7°C, relative air 
humidity 80%, 12/12 h day/night period, photon irradiance 480 ,umol 
m-2 s-1. 
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